Purpose: To evaluate the evolution of epileptic seizures and EEG features in a large group of patients with Angelman syndrome (AS).
Results: Epileptic seizures had occurred in 30 (83%) pa tients. In 43% of them, the initial symptoms of epilepsy were febrile convulsions in infancy. In childhood, epilepsy could start with almost any type of seizure. Atypical absences and myoclonic seizures prevailed in adulthood. Epileptic seizures were present in 92% of the adult patients. The most typical EEG findings were rhythmic triphasic delta waves of high am plitude with a maximum over the frontal regions, identified in 99 (66%) of 150 EEGs, and continuously or intermittently, in 30 (83%) of 36 patients with AS. In 47% it was present even before a clinical diagnosis of AS was considered. Highamplitude rhythmic 4-6/s slow activity, seen in 44 (29%) of 150 EEGs, was not present after the age of 12 years.
Conclusions: In contrast to previous reports suggesting a decreasing frequency of epileptic seizures with age, we found that 92% of the adult patients with AS continued to have epi leptic seizures. The most typical EEG finding in AS, in both children and adults, was the presence of frontal triphasic delta waves. In mentally retarded patients, this EEG pattern should point the physician in the direction of AS. Key Words: An gelman-Ep i leps y-EEG-Folio w -up. In 1965, Angelman described three unrelated mentally retarded children with a typical facial appearance; m i crocephaly with occipital flattening, frequent tongue pro trusions, apparent prognathism, particular ocular features such as blue eyes, chorioidal pigment hypoplasia, stra bismus, and easily provoked, prolonged paroxysms of laughter, epileptic seizures, and EEG abnormalities (1). The ataxic jerky movements of the extremities were reminiscent of those of a puppet on a string, prompting the term " puppet children." About 400 cases of AS have since been reported (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) , including familial cases. High-resolution chromosome banding analysis has de tected chromosome 15ql 1-13 deletions in -60% of pa tients with AS. By using specific DNA probes, a mo-lecular deletion can be found in -80% of patients with AS (18) (19) (20) . The deleted chromosome 15 is of maternal origin (21) . A small percentage of patients with AS show paternal uniparental disomy or a localized méthylation defect (20) . Although epilepsy occurs in -80-90% of the patients with AS (12, (15) (16) (17) , few studies have reported the follow-up of epileptic seizures (1, 2, (6) (7) (8) 15, 22) and EEG findings (2, 4, 9, 11, 15, (22) (23) (24) , There is a perception that patients with AS have epileptic seizures only in childhood and that the typical EEG patterns of childhood do not occur in adults (12, 23) . The purpose of our study was to examine these aspects in young and adult patients with AS. We performed a retrospective study of the long term evolution of epileptic seizures and EEG findings in 36 patients with AS with a 15qll~13 deletion.
PATIENTS AND M ETHODS
The sample consisted of 36 patients with AS with a maternal 15qll-13 deletion determined by restriction 195 196 L .A .E . M. LAAN ETAL fragment length polymorphism (RFLP) analysis or cyto genetic analysis by using chromosome 15 markers. None of the patients had paternal uniparental disomy. Patient files were collected from three University Hospitals, one general hospital, and five institutions for the mentally disabled. The types of seizures and types of epilepsy were classified according to the Classification of The International League Against Epilepsy (25, 26) . All pa tients had undergone one or more EEG examinations, by using the international 10-20 system, without sedation. All EEGs were personally reanalyzed by the first author, paying special attention to the presence of three abnor mal patterns described as being characteristic for AS (23): (a) persistent rhythmic 4-6/s activity with ampli tudes >200 |uuV not associated with drowsiness; (b) pro longed runs of rhythmic 2-3/s activity (200-500 jjlV ), most prominent in the frontal regions, sometimes asso ciated with discharges (ill-defined spike/wave com plexes); and (c) spikes mixed with 3^4/s components, usually >200 |xV, mainly posterior and facilitated by, or only seen with, eye closure. Eye closure was not always obtained in these hyperactive and severely retarded chil dren. In addition, the EEGs were scored for the presence of one of the following patterns: N, abnormal EEG with out spikes (for instance, background rhythm too slow for age); H, high-voltage EEG with or without spikes; F, focal spikes or multifocal spikes; S, diffuse spike and waves; and C, continuous (>20 s) diffuse spike-and-wave bursts.
Statistical analysis
Our study assessed how the probabilities of epileptic seizures and EEG characteristics evolve with increasing age. Such dependencies may be studied by comparing different subjects at different ages (cross-sectionally) or by studying the same subjects (longitudinally). Our sample of 36 patients was observed a varying number of times at varying ages; the study is, therefore, a mixture of a cross-sectional and a longitudinal study. The logistic regression model with random patient effects is able to estimate the dependence of epilepsy and EEG character istics on age in a mixed sample. Basically, different pa tients at different ages are compared simultaneously with a comparison of the same patients at different ages (27) . The results are illustrated graphically with the marginal probability of epilepsy or the occurrence of EEG param eters as a function of age.
RESULTS

Evolution of epileptic seizures
Thirty-six patients with AS (20 male and 16 female patients) were studied. Mean age was 11 years (range, 1.5-39 years); age at diagnosis ranged from 1 to 32 years (mean, 10.2 years). Epileptic seizures occurred in 30 (83%) patients. Age at onset varied from 1 month to 5 years (mean, 2 years). The follow-up period ranged from 1 to 39 years (mean, 15 years). In our group, the per centage having epileptic seizures increased rapidly after the age of 5 years to -90% in adulthood ( Fig. 1 ). Initial seizure types were tonic-clonic (12) , atypical absences (10), myoclonic (three), tonic (three), or generalized con vulsive status epilepticus (two patients). Thirteen (43%) of 30 patients had febrile seizures. Only two did not develop epilepsy. Their follow-up is too short to allow any conclusions at this time. Tonic-clonic status epilep ticus occurred during follow-up in five patients. Three of them had status epilepticus more than once. During follow-up, three patients had an absence status and five a myoclonic status epilepticus. The myoclonic status often occurred more than once in childhood as in adulthood. In adults (older than 18 years; 14 patients), the main seizure types were atypical absence seizures (five), myoclonic seizures (five), or a combination of the two (three pa tients). Epileptic seizures were present in 13 (92%) of 14 adult patients with AS, One patient is still seizure free at age 21 years and has never had an epileptic seizure. Antiepileptic drugs (AEDs) resulted in complete seizure control in five patients. These patients had the following seizure types: atypical absences (two patients treated with valproate (VPA) and phenobarbital (PB), and carbamazepine (CBZ) and clonazepam (CZP), respec tively); a combination of atypical absences and myoclon ic seizures (one patient; treatment with CZP); and tonicclonic seizures (two patients; treatment with VPA and PB, respectively). Decreasing the dosage of AEDs in these patients led to recurrence of seizures. Eight patients were still having epileptic seizures despite AEDs; three had atypical absences [treatment with VPA (two pa tients) or PB (one patient)]; one had myoclonic seizures (with a combination of PB and phenytoin); one had both absences and myoclonic seizures (treatment with VP A and CZP). The other three patients had a combination of myoclonic seizures (three patients), tonic-clonic seizures (two patients), complex partial seizures (two patients), and atypical absences (one patient); their AEDs varied from two to five drugs. Seizures were often difficult to control, especially in early childhood; in adulthood, they could play an important role in daily life. The most ef fective treatment was VPA (eight patients), a combina tion of VPA and CZP (six patients), or other benzodiaz epines (two patients), or PB (three patients). Four of seven patients who had been treated with CBZ showed an increase of epileptic seizures during treatment (one patient had an increase of myoclonic seizures, one pa tient, of atypical absences, one developed more tonicclonic seizures, and one had more complex partial sei zures) .
Evolution of EEGs
All 36 patients with AS had undergone at least one EEG examination (total, 150 EEGs). Thirty patients had had two or more EEGs (mean, 4.2 ± 3.6 EEGs). Six patients had had one EEG; eight patients, two; eight, three EEGs; and 14 patients, more than three. The age at which the first EEG was made varied between 1 month L A . E. M. LAAN ET AL and 18 years (mean, 3.5 yrs), whereas the age at which the last EEG was made ranged from 2 months to 33 years (mean, 9.6 years). In 30 patients, the first EEG was re corded 2 months to 23 years (mean, 7.5 yrs) before the diagnosis of AS was established. The most frequently occurring pattern [30 (83%) of 36 patients with AS] consisted of rhythmic triphasic 2-to 3-Hz high-voltage (200-500 jxV) activity, mixed with spikes or sharp waves with a maximum over the frontal regions (Fig. 2) . This pattern was seen in 99 EEGs; it was continuous in 72 and intermittent in 27. In 16 of the 30 patients, this pattern was found in successive EEGs. EEGs were recorded in eight of 14 adults; five of them also showed this specific pattern. O f the 30 patients with this typical EEG pattern, only two had never had an epileptic seizure, but a short follow-up in some patients precluded a definite conclusion. O f the six patients with out triphasic wave activity, four have so far not had an epileptic seizure; their follow-up ranged from 3 to 12 years (mean, 6 years). The other two have been seizure free with AEDs for >5 years. This EEG pattern was present in 17 (47%) of 36 patients before a clinical di agnosis of AS was made. The probability of having tri phasic waves increased with age ( Fig. 3) .
High-voltage rhythmic 4to 6-Hz slow activity (>150-500 fxV), with or without spikes, was seen in 22 patients (44 EEGs). After age 12 years, this pattern (H) disappeared ( Fig. 4 ) and changed to intermittent and sometimes continuous triphasic delta activity with a maximum over the frontal regions or to focal (F) or multifocal spikes (S) with a background rhythm too slow for age (N). The EEG recordings of the six patients with out epileptic seizures showed abnormalities in all but one; this child had undergone an EEG at age 10 weeks because of feeding problems. The other patients showed high-voltage 3-Hz activity and 4-to 6-Hz rhythmic ac-Age (years) tivity in the frontal regions without spikes, or a back ground rhythm too slow for age.
Eight of the 36 patients were asked to close their eyes during one or more EEG recordings; five of them showed spikes/sharp waves mixed with large-amplitude 3-to 4-Hz components in the posterior areas on eye closure.
DISCUSSION
We found characteristic features of epilepsy in 36 pa tients with AS with a chromosome 15qll-13 deletion. Seizures started in infancy or early childhood (30 of 36), in some patients during a febrile period (13 of 36). In the study of Viani et al. (17) , 11 of 18 patients with AS showed febrile seizures. In childhood, a diversity of sei zures was observed: tonic-clonic seizures, atypical ab sence seizures, myoclonic seizures, tonic seizures, and status epilepticus. Absence status and myoclonic status epilepticus also were found. In our study, a status myoclonicus was found in 16% of patients with AS, occur ring in childhood as well as in adults. Viani et al. (17) reported a myoclonic status epilepticus in nine of 18 patients with AS during long-lasting periods of jerky movements. We cannot confirm these findings, because our EEG studies were not performed during the previ ously mentioned periods. In adulthood, atypical absence seizures, myoclonic seizures, or a combination of the two were most prominent. Matsumoto et al. (22) reported atypical absence seizures in eight and an atypical ab sence status in four of eight patients with AS. They also described almost every seizure type in infancy and later myoclonic seizures, atypical absence seizures, and astat ic seizures. We did not find astatic seizures in our pa tients. A significant decrease of incidence of epileptic seizures has been reported with increasing age (12, 17, 22) ; in our study, however, 92% of the adult patients with AS still experienced epileptic seizures. This dis-Epilepsia, Vol. 38, No. 2, 1997 crepancy can be explained by the fact that most authors examined only children with AS. The most effective AEDs were VPA in combination with CZP or other ben zodiazepines, whereas CBZ sometimes had an adverse effect. This also was described by others (17) . In adult patients with AS, PB was also effective. In accordance with other authors (2, 4, 22, 23) , we found that there are specific EEG patterns in patients with AS, which may appear in isolation or in various combinations, either in the same EEG recordings or at different times in the same patient. The most frequently occurring EEG pattern in our patients with AS was rhythmic triphasic 2-to 3-Hz, high-voltage (200-500 (jlV) activity, mixed with spikes or sharp waves with a maximum over the frontal regions. It had occurred before a clinical diagnosis was considered in 47% of these children, probably because of early screening for retardation or an EEG examination after a first epileptic seizure. This specific EEG pattern usually persisted in adulthood. The eye-closure test was seldom possible in these hyperactive and severely re tarded children. We cannot, therefore, confirm the find ings of Boyd et al. (23) that eye closure in patients with AS facilitates spikes mixed with 3-to 4-Hz high-voltage components (>200 |xV). Similar patterns of highamplitude rhythmic triphasic 2-to 3-Hz activity in pa tients with AS can be seen in EEGs reported by other authors (2, 11, 17, 22, 23) . It has previously been labeled hypsarrhythmia (West syndrome, WS) or the petit mal variant pattern (Lennox-Gastaut syndrome, LGS) (15) . In our view, the EEG in AS differs from that in WS or LGS. As has been described by Boyd et al. (23) , the high-voltage persistent 5-to 6-Hz rhythms are seen only in children-in our study, younger than 12 years. Al though a clinical diagnosis of AS remains difficult at an early age and sometimes in adults, EEGs can play an important role. The previously mentioned EEG pattern in a mentally retarded patient should suggest a diagnosis of AS. Further investigations, especially EEGs of patients with AS without a detectable deletion, are currently un der way.
